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For the first time, we have studied the impact of magnetic polarizability of a neutral metallic 
particle on the dynamical Casimir-Polder force, when the particle is uniformly moving with  
relativistic velocity parallel to the surface of an ideally conducting plate. The material properties 
of  particle are taken into account within the Drude model approach.  
 
1.Introduction 
Some years ago, the impact of magnetic polarizability of a small conducting electrically neutral 
particle on the attractive Casimir-Polder force has been studied in our work [1], involving a static 
case. The fluctuating magnetic moment appears even on a resting nonmagnetic object due to the 
random Foucault currents which are induced by the non-stationary or random external magnetic 
fields penetrating the volume of the object.   
    As well, in the recent papers [2,3] we have considered the dynamical Casimir-Polder force 
between a moving neutral atom and a metallic surface (a perfectly conducting and permeable 
plate). The atom was assumed to be moving parallel to the surface with relativistic velocity V . 
We have found a very strong influence of the velocity (relativistic energy) on the Casimir-Polder 
force in the case of an electrically polarizable atom. In general, the increase of the velocity factor 
cV /=β  ( c  is the speed of light in vacuum) or the energy factor  results in a 
significant decrease of the Casimir-Polder force , whereas the dependence 
2/12 )1( −−= βγ
zF )(βzF  is 
nonmonotonous and has several interesting features. 
    It is quite natural to consider the dynamical Casimir-Polder force on the moving magnetically 
polarizable particle (a small metal ball). In this paper we restrict our consideration assuming the 
surface to be ideally conducting. The particle is assumed to be described by the Drude 
approximation for the dielectric permittivity. 
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2.General theoretical expressions 
 
To start with we recall our general formula for the dynamical Casimir-Polder force between a 
magnetically and electrically polarizable particle and the surface of a thick plate (semiinfinite 
homogeneous medium with flat boundary), corresponding to the dipole approximation of 
fluctuation electrodynamics [3,4] 
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where   and  are the particle and surface temperatures,  is the particle-surface separation,  1T 2T 0z
)(ωαm  is magnetic polarizability of the particle, one –primed  and double –primed quantities 
denote its real and imaginary parts,  )(ωε  and )(ωµ  denote the bulk dielectric/magnetic 
permeabilities of the plate. The term  in the figure brackets of (3), corresponding to the 
contribution from electric polarizability of the particle, is obtained by replacing the incoming 
variables in the first two terms: 
)( me →
ememem RR ∆↔∆→→ ,,αα .  The global system of 
magnetodielectric bodies is assumed to be out of thermal equilibrium but in the stationary 
regime, the plate and surrounding vacuum background are at equilibrium with temperature . 2T
       To examine the case of an ideally conducting plate, one must put 1)(,1)( −=∆=∆ ωω me  
(that involves 1)(,)( =∞→ ωµωε ). As well, we pass to the limit , just as we 
have done in [2,3]. Then Eq. (1) reduces to the simpler form 
0,0 21 →→ TT
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We see that the only difference between Eqs.(6),(7)  describing the contributions of magnetic 
polarizability of the particle and  Eqs.(8), (9) describing the electric contributions, is the opposite 
sign. 
      Prior to consider the general case of a permeable particle, it is worthwhile to examine the 
simplest case of an ideally conducting particle. In this case we must put  and 
 in Eqs.(6)--(9) [5], where 
2/)( 3Rm −=ωα
3)( Re =ωα R  is the particle radius. Integrating Eqs. (6) and (8) yields  
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In this case  since  0,0 )1()1( == em FF )(, ωα em  are real, and the resulting Casimir-Polder force is 
given by 
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In the nonrelativistic case at 1,1 <<≈ βγ  
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In the static case 0,1 == βγ , correspondingly, 
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Eq.(13) is in complete agreement with a quantum electrodynamic calculation [7]. It is worth 
noting that the used dipole approximation implies 0zR << . 
     According to Eqs. (11), (12) the dynamical Casimir-Polder force slightly decreases (by 
modulus) with increasing velocity factor at 1<β  and becomes inversely proportional to the 
 4
relativistic factor γ  at 1→β . The sign of  force corresponds to attraction in the whole range of 
separations. 
 
3. A permeable metallic particle and an ideal plate    
Now we pass to the case where the particle is permeable and its dielectric permittivity is 
described by the Drude-like function 
)/i(
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2
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In what follows we will use parameters  corresponding to 
gold. According to [6], the magnetic and electric polarizabilities of conducting ball 
( ) are given by 
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Introducing new variables Ω=== pyx zykzxk ωωξ ,,2/,2/ 00 , and denoting 
,,/2 0 τωκωλ pp cz ==  Eqs.(6)-(9) are rewritten in the form  
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Integrating Eqs.(17), (20), (22), (23) with respect to  and substituting  u  for  according to 
 , yields 
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where  is the Bessel function. The double integrals in (28)-(30) rapidly converge 
numerically, since the integrand functions have no singular points. Integral (21) is more tedious 
owing to the resonance character of 
)(0 uK
( )),(Im 6 Ωxxeχ . However, in the case of metal particle 
where 1>>= τωκ p  (particularly, for gold we have 259=κ ),  and  prove to be 
practically independent of 
)0(
eF
)1(
eF
τ  . This allows one to use the limit ∞→τ  and simpler formulas for 
 and  which have been obtained in [3] involving the case of atom-surface interaction. 
The corresponding expressions (see Eqs. (26), (27) in Ref. 3) are then modified by replacing 
 and 
)0(
eF
)1(
eF
3)0( R→α 3/0 pωω → : 
[ ][ ]∫ ∫
∞ ∞
+=
⎥⎦
⎤⎢⎣
⎡
+−++
++−=
0 0 ~
3
0
3
2222
2/322222
6423/5
35
)0(
22
)(
)1()1(
))(1(
3
4
yxt
p
e dt
tKd
yxyx
yxyxdydx
c
R
F
λββ
β
γπ
ωh
              (32) 
 6
3
0
3
/~
2
0
2
4
4
0
3
)1( )(
~38 dx
xKd
x
xdx
z
R
F pe ∫∞ += βλ λγπ
ωh
                                                                        (33)   
where 3/~ γλλ =  and  3/~0 λλ = .   Using Eqs. (32), (33) makes it possible to calculate   
and  at any values of 
)0(
eF
)1(
eF β  and γ  . Still simpler formulas in the limit cases 1<<β  and 1>>γ  
are given in [3], as well. 
                                                     
4. Numerical results 
       Figures 1--4 display the results of our calculations according to Eqs.(28)—(31). All forces 
are normalized by the “etalon” force corresponding to Eq. (13), describing 
the Casimir-Polder between an ideally conducting ball and the surface. We use the notations 
γπ 5030 4/9 zcRF h−=
0
)1()0()1()0( /)( FFFfff eeeee +=+=                                                                              (34) 
0
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      As it follows from calculations (Figs.1—3), the reduced components ,  of the force  
turn out to be velocity-independent, despite that their separate components  do. In 
addition,  does not depend on the particle radius 
ef mf
)1(
,
)0(
, , meme ff
ef R and thus it is solely the distance-
dependent. The dotted line in Fig.1c shows a simple analytical fit to  of the form 
, where  is expressed in nm . Moreover, as we can see from 
Fig. 1,  at  . This is caused by the use of normalization factor , because the 
electric part of  the Casimir-Polder force in the case of Drude metal ball has the asymptotics  
which is characteristic for the nonretarded Van der Waals force.  
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     On the contrary, the magnetic contribution  depends on both parameters  and mf 0z R . Some 
of these dependences are shown in Figs. 2-4 at different values of  . The negative sign of 
 (Fig. 2a,b and Fig. 3a,b) means that this contribution to the Casimir-Polder force has the 
repulsive character. However, since
Rz ,0
)1(
mf
)0()1(
mm ff <  the sum   proves to be 
attractive, as  does.  Comparing the distance dependences for   and , we can note their 
principally different behavior: with increasing  the former one tends to the asymptotic value 
2/3 (one must divide Eq. (10) by )  while the latter monotonously goes down. The asymptotic 
value    is reached only at small particle-surface separations, where the dipole 
approximation is not valid. We can conclude that impact of material properties reduces (by 
)1()0(
mmm fff +=
ef ef mf
0z
0F
3/1=mf
 7
modulus) the value of the total Casimir-Polder force as compared with an ideal case, Eq.(13). 
Fig.4 shows that the difference between the values of  and the limiting result mf 3/1=mf  
decreases with increasing R . 
         
           
Conclusions  
Generally, it turns out that the contribution of magnetic polarizability is smaller than the 
contribution of electric polarizability and the total dynamical Casimir-Polder force proves to be 
attractive in the whole range of particle-surface separations. Both electric and magnetic 
contributions to the force have a universal inverse dependence on the relativistic factor γ . With 
increasing the distance the electric contribution to the force monotonously tends to the 
asymptotic values in the case of an ideally conducting particle and a plate, whereas the magnetic 
contribution monotonously goes down.  This results in a smaller final value of the Casimir-
Polder (by modulus) as compared with an ideal case. The involved deviation becomes less 
significant with increasing particle radius.   
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FIGURE CAPTIONS 
 
Fig.1. Dependences  on   at )1()0( ,, eee fff 0z 5.0=β  (a) and  99.0=β  (b). The dashed , dashed-
dotted and solid lines correspond to  and , the symbols correspond to static values of 
 at 
)1()0( , ee ff ef
ef 0=β . The solid line in case (c) corresponds to the calculated , and the dashed line 
corresponds to the fitting function 
ef
)0154.0exp(1(67.0)( 00 zzfe −−≈ . 
 
Fig. 2 Dependences  on the distance   at )1()0( ,, mmm fff 0z nmR 1=  and different β . The dashed 
dashed-dotted and solid lines in Figs. 2a,b correspond to  and .  )1()0( , mm ff mf
 
Fig. 3. The same as in Fig. 2 at 3=R  nm. 
 
Fig. 4.  Dependence  on   and  mf 0z .R
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Fig. 1c 
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Fig.2b 
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Fig.3a 
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Fig. 3c 
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